Objective: The aim of the present study was to evaluate the effectiveness of an educational tool for general physicians, based on rheumatological clinical simulation, for the diagnosis of rheumatoid arthritis and osteoarthritis.
The diagnostic focus of non-rheumatologist physicians with patients with joint pain is inaccurate in a high percentage of cases, as shown in a study by our research group (Fernández-Ávila et al., 2012) . The latter study analysed 855 cases of patients referred by general physicians to rheumatological consultations for joint pain, with a referring diagnosis of RA or OA. Of the 369 patients diagnosed with RA by a general physician, an evaluation by a rheumatologist revealed that 54.4% (n = 201) suffered from a different disease (OA, fibromyalgia, spondyloarthritis, lupus or gout) and had been receiving (erroneously in the majority of cases) disease-modifying anti-rheumatic drugs and glucocorticoids. Similarly, we found that, of the 198 patients with a final diagnosis of RA by a rheumatologist, 51 (25.8%) had been receiving treatment for OA or fibromyalgia without receiving diseasemodifying anti-rheumatic drugs.
The perceptions of primary care physicians with regard to their skills in the care of rheumatology patients were evaluated in a study in Chile. The results revealed weaknesses and a lack of trust in the approach to rheumatic patients by general physicians and nonrheumatologist specialists (Pacheco, Gatica, & Kaliski, 2006) .
It is important for general physicians to have accurate knowledge, in order to have an appropriate approach to patients with suspected RA; therefore, it is necessary to have an educational intervention that improves the proportion of correct diagnoses and leads to early referrals for rheumatology consultations.
The teaching of clinical approaches to patients with arthralgia requires both a practical and a theoretical component, and there are difficulties in using real patients for teaching general physicians in the context of continuing medical education for practicing doctors. 
| METHODS

| Design of simulators
The first phase of the study consisted of the design and assembly of simulators. Two rheumatologists with broad experience of RA designed simulators (five hands) with a set of clinical findings for RA and OA. Each simulator was an artificial hand of natural size, made of epoxy resin. The simulator's ligaments, muscles and support tissues were made of silicone rubber, and the simulator was covered by polyurethane skin on an acrylic support. Flexion/extension movements were possible in the joints of the wrist and the metacarpophalangeal and proximal interphalangeal joints. Each hand had various clinical findings of RA (synovitis, pannus or joint deformities) or of OA (Heberden's and Bouchard's nodes) made from materials that generated textures very similar to those found in real patients (see Figure 1 ). The anatomical simulators have been registered, with the invention patent (utility model) number A61F02/58, which is valid until 11 September 2023.
| Study design
A randomized clinical experiment was designed to evaluate the effectiveness of the educational intervention based on clinical simulation.
The participants were general physicians who spent more than 50% of their work time in outpatient consultations in Bogota, Colombia. A calculation of the sample size was performed using STATA 11 (sample size for comparison of proportions of two samples), considering that, according to previous studies (including the one from our group), the diagnosis of RA by general physicians is correct in 50% of cases; it was hoped that this educational intervention would increase this percentage to 80%. The 80% cut-off point was defined by a consensus of rheumatologists who were experts on the issues involved, and this increase was considered to be the minimum that would have clinical significance in the diagnostic process. For a power level of 80% and a maximum type I error of 5%, a sample size of 68 participants was obtained for each group (intervention and control). After the addition of 12 participants to each group, to compensate for possible losses, there was a total of 160 physicians.
The physicians were selected randomly from a list provided by the three health service institutions participating in the study, and they were randomly assigned to the intervention and control groups from the list, with random numbers distributing the participants to the active intervention group or the control group. Subjects were assigned to one of two groups: (a) experimental group: educational intervention for RA with clinical simulation or (b) control group: educational intervention for basic aspects of the diagnosis and treatment of osteoporosis. The participants did not know that they were part of an experiment (justified deception) and were invited to participate in the academic activity as part of a continuing medical education programme implemented by the health service institution where they worked. 
| Active group intervention
The intervention for the active group consisted of a 2-hour workshop divided into two parts; the first part was a 30-min lecture on the clinical focus of joint pain, relevant aspects of the diagnosis of RA, and differential diagnosis with an emphasis on OA. In this first part, in addition to theoretical support for the diagnosis of RA and its differentiation from OA, photographs of patients' hands were shown.
The remaining 90 min were used for the analysis of clinical cases with the clinical simulation models.
| Control group intervention
The intervention for the control group consisted of a workshop on the diagnosis and treatment of osteoporosis, which also lasted 2 hours.
This topic was chosen because it has no relation to joint pain or the diagnostic focus of RA or OA.
| Evaluation of the effectiveness of the intervention
Four weeks after the intervention, the participants, still under justified deception, underwent an evaluation that included four clinical cases with real patients (two patients with RA and two with OA). The proportions of correct responses were evaluated in the diagnosis of RA, the clinical findings identified in the hands of each patient, and the request for complementary tests in each case. In addition, six virtual clinical cases were analysed, in which the participants received a description of the case (medical history and physical examination) and photographs of the patient's hands. Finally, the participants evaluated two clinical cases using the simulation models. A 4-week period between the interventions and the evaluation was chosen, based on input from experts at the Memory Clinic of San Ignacio University Hospital, who stated that the duration of working memory (generally 3 days) and short-term memory (2 weeks) will have been exceeded at 4 weeks; the knowledge that persists can be considered as long-term memory.
| Instruments, observers and methods employed to measure the variables
The patients were initially evaluated by two rheumatologists, and their diagnoses and principal clinical findings were defined. The same physicians constructed the clinical cases and established the complementary tests that should be requested for each case. These physicians also constructed the six virtual clinical cases (that included photographs) and the two clinical cases on simulators. Ultimately, there were four cases of RA (three virtual cases and one on a simulator) and four cases of OA (three virtual cases and one on a simulator). The proportion of correct diagnoses was evaluated in each group, as were the propor- 
| Ethical approval
We received ethical approval from the ethics and investigation committee in August 2013.
| RESULTS
In total, 160 physicians were included (80 in the active educational intervention for the RA group and 80 in the control group), of whom 89 were women (56%). The mean age was 35.0 (standard deviation
[SD] 7.7) years. The mean number of years of practising medicine was 7.8 (SD 6.9), and 87.5% (n = 140) of the participants had had previous academic experience in clinical simulation courses (but not in rheumatology). Table 1 shows the principal characteristics of the participants; there were no significant differences between the groups.
A difference in success rates (at least 10 of the 12 cases) of 81.3% (95% confidence interval [CI] 72-90%) was found, favouring the active group (88.8% versus 7.5%); p < 0.001 (see Figure 2 ). In the analysis of each of the 12 cases, differences were found that also favoured the active group (see Table 2 ). More correct clinical diagnoses were found in the active group, with a significant difference for both the number of joints with synovitis and the number of Heberden's nodules in all cases (p < 0.001), demonstrating a tendency towards a more accurate detection of clinical findings in these two diseases.
In the active group, between 88.3% and 94.1% of the physicians requested tests predefined as pertinent for RA, while for OA (no study was necessary), between 5.4% and 12% of the active group participants requested tests. The inverse phenomenon was documented for the physicians in the control group, who requested these tests more frequently for non-pertinent cases (OA, between 35% and 87%) and less frequently for cases of RA (between 18% and 61%), which did require these tests. 
| DISCUSSION
The importance of educating general physicians about the early diagnosis of RA and prompt referral of patients to a rheumatologist has been proposed since the 1970s. Proposals have ranged from inperson courses in the context of continuing medical education programmes (Stross & Bole, 1979) to training programmes with various digital strategies, such as online educative platforms and virtual clinical cases (Wilson et al., 2006) . No studies were found in the medical literature that used an educational strategy based on clinical simulation to optimize the diagnosis of RA.
With regard to other types of educational strategies to improve the diagnosis of RA, we found one study in the United States (Bingham, Costenbader, Bender, Duch, & Weinblatt, 2010) 
| CONCLUSION
The present study showed the effectiveness of an educational intervention based on clinical simulation to improve the diagnostic approach to RA and one of the conditions with which it is often confused, OA. In general, general physicians represent the point of entry to the healthcare system; therefore, they should possess sufficient knowledge to make an appropriate, precise and pertinent diagnostic approximation for patients with joint pain. The clinical simulation as applied to rheumatology emerged as a useful, practical and didactic pedagogical tool to achieve this objective, which allows a positive impact on populations of patients suspected of having a potentially serious autoimmune disease, such as RA. In this way, a new horizon is opened for the teaching of rheumatology that can lead to benefits for patients, and improvements in the quality and use of healthcare resources.
